Abstract---The design aid for reinforced concrete to IS 456-1978, provides P-M 
INTRODUCTION
HE design of reinforced concrete columns is a tedious, time consuming, and iterative procedure, to simplify the design procedure SP-16 has provided non dimensional interaction diagrams for various d"/D ratio and percentage of steel. And SP-16 has also specified the procedure to develop interaction diagrams for any type of column with various specifications.
An interaction diagram could be drawn for a column with given specifications such as grade, percentage of steel, reinforcement detailing pattern, dimension and shape of column by evaluating strain at various locations in the column considered, there by evaluating stress which intern provides load and moment values, such numerous values of ultimate load and moment resisting capacity could be evaluated at various locations once the set of ultimate load and moment resistance values are obtained it could be graphically represented as an interaction diagram which serves as a failure envelop implying that any combination of load and moment that falls within the envelop is safe with the load-moment combination that falls on the envelop as the maximum load-moment resisting capacity of the section. Therefore interaction diagrams are of paramount importance in design of columns.
II.
SCOPE AND SIGNIFICANCE OF THE RESEARCH WORK RC columns are usually subjected to axial loads in combination with bending in uni-axial or bi-axial directions for all practical cases, therefore the column rather than behaving as a pure compression member, behaves as abeam-column.SP-16:" Design aid for reinforced concrete to IS 456-1978" has provided various interaction diagrams for conventional column sections only and not for specially shaped sections, and there is a lack of information on the behavioral description of such specially shaped columns in terms of interaction diagrams in the code, therefore the present study is an attempt to develop interaction diagrams for one of the specially shaped RC columns i.e. cross (+) shaped columns, and study the influence of varying grade of material and reinforcement spacing on strength characteristics of cross (+) shaped columns, in course of the work a spread sheet has been developed using Microsoft excel which could supply interaction diagrams for cross (+) shaped, L-shaped, T-shaped, and rectangular columns with a provision to vary all specifications such as grade of concrete and steel, reinforcement spacing etc…these interaction diagrams would considerably makes the design process simpler and quicker.
III. INTERACTION DIAGRAMS
The interaction curve for a column is a graphical representation of design strength of columns subjected to uniaxial eccentricity for the given specifications. Axial load versus moment interaction diagram can be used for the design of eccentrically loaded columns, an interaction curve can be plotted by evaluating various axial load and moment combinations obtained for various positions of neutral axis.
Any point on the interaction curve has its co-ordinates as the ultimate load P UR and ultimate moment M UR as the maximum combination of load and moment that could be resisted by the column corresponding to a particular value of eccentricity, the line joining the origin "O" to any point on the curve is called as the loading line, and reciprocal of slope of this line is called as eccentricity "e" as shown in figure Typical Interaction Diagram Interaction diagrams have two fold application, these diagrams could be used to assess the strength of a given column, on the other hand they could be effectively used to design a column to support a particular combination of external load and moment.
To develop interaction diagram, neutral axis will be assumed to be located at various positions and load and moment capacity corresponding to particular position of neutral axis were evaluated then the algebraic sum of load carrying capacity of steel and that of concrete gives the total axial load carrying capacity of the column, on similar lines total moment carrying capacity will also be calculated.
IV. METHODOLOGY
To proceed with first various locations of neutral axis were assumed and the capacity of column to carry the load and moment were evaluated for a particular location of neutral axis, as this procedure is repeated for various locations of neutral axis it is iterative, the procedure involves following steps. Stress in steel can be evaluated by using Table 1 , interpolation may be done for intermediate values. In the present work interaction diagrams for cross (+) shaped columns were developed using the spread sheet, which could give interaction diagrams for cross(+) shaped, Lshaped, T-shaped, and rectangular section, the spread sheet developed will also have the provisions of modifying the grades of materials, spacing of reinforcement, size of the section et…, the interaction diagrams were developed based on the method suggested in SP:16, and IS : 456-2000, as described in the methodology in this paper, neutral axis positions were considered at various levels of the section and even outside the section for K > 1, as shown in table 2, and the Values of P U and M U were obtained, the neutral axis positions were considered between the rows of reinforcement also to get a smooth, accurate and complete interaction diagram for the considered cross (+) shaped column.
A. For the Case of Neutral Axis Situated Within the Section
Also the effect of varying grade of concrete and steel were studied by developing interaction diagrams for M20, M25, M30, M35, M40 grades of concrete with Fe415 and Fe500 grade steel, also a study has been carried out to establish the influence of varying spacing of reinforcement in comparison with constant spacing using interaction diagrams, the results were presented and discussed in this section. The interaction diagram has been plotted for these cases considering the various grades of concrete and the graph shows the comparison of load-moment resisting capacities of various grades of concrete for Fe 415 grade steel, the similar calculations were also carried out with Fe 500 grade steel and the interaction diagrams were plotted to study and compare the effect of varying grade of steel also, the results obtained were compared with that of ETABS-2015 and the conclusions were formulated. Table H of SP:16 says that for construction of interaction diagram it is sufficient to consider value of K up to 1.2 only as it corresponds to minimum eccentricity, therefore ETABS considers the interaction up to 1.2D only but here the interaction diagram from spread sheet has been plotted for the value of k = 4, for information therefore there is a deviation from ETABS above minimum eccentricity. 6. Use of cross shaped columns with given percentage of steel can have a higher load and moment resisting capacity compared to that of rectangular sections. 
A. Influence of Grade of Concrete with Fe 415 Grade Steel

